Salicylic acid complex imprinted polymeric membranes have been prepared by thermal polymerization using polyvinilidene uoride membrane as a support membrane, acrylamide as a functional monomer and ethylene glycol dimethacrylate as a crosslinker. The imprinted membranes are characterized by Fourier Transform Infrared Spectrometer (FT-IR), thermogravimetric analysis (TGA) and scanning electron microscope (SEM). It can be found that the structure of imprinted membranes is different from the supporting membrane, and the surface of the supporting membrane is covered with an imprinted polymer layer after polymerization. Adsorption and permeation binding experiments indicate that imprinted membranes show high speci c binding capacity of template molecule, the selectivity factor of the imprinted membrane for the salicylic acid was 26.4, The optimum polymerization condition is 0.3 mmol salicylic acid, 1.2 mmol acrylamide and 6.0 mmol ethylene glycol dimethacrylate in acetonitrile at 60 C for 24 h. [
Introduction
Molecularly imprinted technology (MIT) has attracted considerable attention in the last few years 1) . This technique requires functional monomers surrounding a template molecule in liquor, and the mixed liquor can be polymerized by thermal initiation or irradiation with UV light. As a result of the reaction, target molecule is surrounded by functional monomers, and a selected interaction is secured. Adding a crosslinker in the polymerization process provides the imprinted polymers with good mechanical strength, stability and rigidity. Finally, template molecule was removed by extraction with suitable solvents. The separation effect of molecular imprinted polymers (MIP) is dictated by the highly speci c binding of template molecules 2) . MIT has been broadly used in various research elds, including sensors 3, 4) , drug separation [5] [6] [7] , chromatographic separation 8, 9) and biological receptors 10) .
Molecularly imprinted membrane (MIM) has the advantages of combining the selectivity and mechanical properties of the support membrane compared with MIP.
MIM which has micro-porous structure can ease template transport and MIM which has transmembrane macropores can be employed as adsorbing material. Typical MIM syntheses which had also been adapted to membrane preparations are based on in situ crosslinking polymerization of functional and crosslinker monomers yielding either self-supported 11) or thin layer composite MIM 12) . MIM was rstly prepared by Piletsky et al 13) . And later, various approaches of preparing MIM were reported, such as surface imprinting, in situ polymerization, dry or wet phase separation and particles composite membrane 14) . Hong 15) prepared a composite imprinted membrane by photo polymerization on the surface of a microporous alumina support membrane. In their study, the results showed that the ux was dramatically improved to 10 −8 mol/(cm 2 ·h) and high selectivity factor (α = 5.0) was tested for the template relative to its analogue. Salicylic acid (SA) is used as a topical keratolytic and as an external antiseptic and antifungal has been widely applied in many pharmaceutical and cosmetic formulations. It is very important to ensure the quality of SA in biological uids, and a number of SA measured methods such as chromatographic method and ultraviolet spectrometry method have been developed. However, there are some disadvantages of these methods such as low selectivity, inconvenience and inef ciency. MIM can be characterized by selective transport of SA and rejection of other molecules, which is easier and more efcient.
The aim of this study is to prepare a molecularly imprinted membrane for selective SA recognition. The membrane was prepared using a polyvinilidene uoride membrane as the support, SA as the template, acrylamide (AM) as the functional monomer and ethylene glycol dimethacrylate (EGD-MA) as the cross-linker. The chemical structures of the MIM were analyzed by FTIR spectrometry, the morphologies of MIM were characterized by SEM, and the thermal stability of MIM was analyzed by TGA. To evaluate the adsorption properties and selectivity of MIM, adsorption experiments were investigated by UV-Vis spectrophotometry. Importantly, the optimal experimental conditions have been clearly studied.
Experimental

Materials
Acrylamide (AM), Salicylic acid (SA) and acetosalicylic acid were purchased from Sinopharm Chemical Reagent Co., Ltd (China), polyvinilidene uoride (PVDF) membranes with a nominal pore size dn = 0.45 µm and a diameter of 20.5 mm were purchased from Linyi Zhengheng chemical Glass Instrument Co., Ltd (China), EGDMA (98%) was purchased from Sigma-Aldrich (China) and was puri ed by distillation under vacuum. 2,2-Azobiisobutyronitrile (AIBN) was purchased from Shanghai No.4 Reagent & H.V Chemical Co., Ltd (China). Acetonitrile, methanol and sodium hydroxide (NaOH) were purchased from Xilong Chemical Co., Ltd (China).
Instruments and apparatus
To measure the UV spectrum of SA in aqueous solution, a UV-5600 spectrometer (Shanghai Yuanxi Analysis Instrument Factory, China) was used. The surface features of membranes were analyzed by an S-3400N SEM (Hitachi, Tokyo, Japan). FTIR spectra (4000-400 cm −1 ) were recorded using an IS10 FTIR spectrometer (Nicolet, USA). TGA of the samples was performed on a STA 449 F3 analyzer (Netzsch, Germany) over a temperature range of 25-800 C at 15 C min −1 under N 2 . X-ray diffraction (XRD) patterns were collected on a Rigaku D/max-2700 powder X-ray diffractometer (0.08 step/s).
Synthesis of the imprinted membrane
Circular polyvinilidene uoride (PVDF) membranes were precoated in a 0.0150 g/mL solution of AIBN in acetonitrile and dried under vacuum for further use. To a stirred solution of salicylic acid, the monomer (AM) and the crosslinker (EGDMA) in acetonitrile was degassed for 5 min with nitrogen. The PVDF membrane precoated with initiator was coated by the solution and dried under nitrogen. The membrane was removed and clamped between two plates of glass, sealed and heated at 60 C for 24 h. The membrane was then treated with a methanol/0.1 molL −1 sodium aqueous hydroxide solution (4/1, v/v) solution to remove salicylic acid, AIBN and EGDMA. Finally, the membranes were dried at room temperature. For a comparative purpose non-imprinted membrane (NIM) were also prepared under the same conditions without adding any salicylic acid during preparation. The prepared formulations are described in Table 1 .
Swelling ratio of the membrane
Wet membrane was prepared by immersing the dry membrane in deionized water for 24 h at room temperature, and the membrane was centrifuged at 3000 rpm for 2 min and wiped water on lter paper. Swelling ratio (δ) of the membrane was calculated by eq. (1): 16) 
Where V 1 and V 2 are the volumes of the dry and wet membrane, respectively.
Porosity of the membrane
Wet membrane was prepared by immersing the dry membrane in deionized water for 72 h at room temperature, the membrane was centrifuged at 3000 rpm for 2 min and weight. The porosity (Pr) of the membrane was calculated by eq. (2): 16) 
Where V MIM and V PVDF are volumes of MIM and PVDF, w 1 and w 2 are the weight of the dry and wet membrane, respectively, and ρ H 2 O is water density.
Binding tests
Static binding experiments were conducted to evaluate the recognition property of the membranes toward the target molecule. Imprinted and blank control membrane samples were immersed in 10 ml acetonitrile containing 0.15 mg/mL of SA to test their capability to SA at room temperature for 24 h. The amount of SA adsorbed by the membrane Q is calculated from eq. (3):
Where, C 1 is the concentration of SA in the feed solution, C 2 is the nal concentration in the collected permeate, V is the volume and m is the mass of the dried membrane. Blank control membranes were conducted for the same procedure. The selectivity factor was calculated using the eq. (4) 17) :
Where, α is the selectivity factor, R template is the amount of template retained by imprinted the membrane and R analogue is the amount of the structural analogue retained by the membrane imprinted with the template.
Results and Discussion
Swelling ratio
From all the data given in the Table 2 , the average swelling ratio was 7.55%, which showed that the membrane can be used in distilled water with a long duration. The structure of membrane was not changed, which indicates that the separation ability of the membrane is stable 18) .
Porosity
From all the data given in the Table 3 , porosity (Pr) of the membrane was calculated by eq. (2). The porosities of imprinted membrane were 76.90% which was greater than that of non-imprinted membrane (35.14%) due to template molecules. These data proved that the imprinting sites were created after removing template.
Polymer preparation and characterization
To con rm the presence of the co-monomers in the synthesized copolymers, the FTIR spectra of the polyvinilidene uoride (PVDF) membranes and imprinted membrane were performed. As shown in Fig. 1(a) the absorption peaks at 687, 1200, 1270, 1460, 1530 and 1640 cm −1 indicate the existence of PVDF. The peak at 2940 cm −1 corresponds to dissymmetry stretching vibration of -CH 2 -there are no apparent adsorption bands within 2960-2940 which shows that there is no -CH 2 -in the PVDF polymer. Due to the -C=O stretching vibrations, a peak at 1720 cm −1 existed in imprinted membrane does not present in the PVDF s spectrum ( Fig. 1(b) ). The features around 1140 cm −1 indicate the stretching vibration of C-N, and the absorption peak of 1473 and 1623 cm −1 are assigned to the carbon skeleton on phenyl ring of SA. It is inferred that the surface of the polyvinilidene uoride (PVDF) membrane has been covered by the imprinted polymer layer, leading to the typical peaks of PVDF disappeared and the typical peaks of imprinted polymer appeared 19, 20) . Figure 2 shows the SEM images of the surface morphologies of PVDF membrane, NIM and MIM. It can be inferred from Fig. 2(a) that the network PVDF membrane has obvious porous structure. Polymerization reaction makes a great modi cation on the PVDF membrane. Figure 2(b) indicates that the surface of membrane was coated with polymer layer. There is no pore could be observed on the surface of the NIM. Figure 2 (c) and 2(d) show that there are a large number of pores can be found on the surface of MIM, and these pores are different from those of the blank membrane. The surface porous property has a great effect on the ultimate capability of the imprint composite membranes 21) . TGA 22) plots of MIM and NIM were shown in Fig. 3 . There was a slight weight loss of the two samples at temperatures between 50 and 350 C, due to the loss of adsorbed water, acetonitrile, methanol and other volatile residuals. In the case of MIM, the large weight loss region between 350 and 450 C indicates a faster weight loss rate of MIM compared with that of NIM, which is because of the number of pores on the surface of MIM and the open structure of MIM. Thus, the thermal stability of MIM is poorer than that of NIM. After 480 C, both of the membranes are completely decomposed.
Optimization of reaction conditions
To investigate the effect of reaction conditions on the binding capability of the molecularly imprinted membranes (MIMs), different amounts of SA, AM, EGDMA and AIBN were investigated, and the speci c binding capacities were also analyzed. Table 4 indicates that the quantity of the MIM increased as the elevated amount of SA, and the quantity of the MIM in-creased to the highest value of 6.11 when the concentration of SA came to 0.30 mmol. After that, the adsorption quantity decreased with further increase of SA. This phenomenon can be explained as follow: at the initial stage of polymerization, a little amount of SA was put in, and then reacted with AM, which results in the imprinted membranes had low binding capacity. With the increase of SA, the binding capacity began to improve, until the amount of SA reached 0.30 mmol. However, it was dif cult to produce much more imprinted cavities when excessive SA was added, due to the amount of AINB and AM was constant. What s more, if excessive SA was used, SA would be imprinted on the same site which made the imprinted cavities incomplete, even resulting in the decrease of adsorption quantity. Table 5 illustrates that absorbability increased until the content of functional monomer came to 1.2 mmol. After that, absorbability decreased, possibly because AIBN, SA and EGDMA had already completely used up and an excessive amount of AM could not react with AIBN, SA and EGDMA, which resulted in the adsorption quantity decrease. Table 6 shows that the absorbability of the MIM increased to 7.52 µg/g while the amount of AIBN reached 12 mg. The binding capacity decreased when higher concentrations of AIBN were used and the amounts of SA, AM and EGDMA were unchanged. Table 7 indicates that while the amount of EGDMA comes to 6.0 mmol, the adsorption quantity of the MIM increased to 9.86 µg/g, at which the absorbability reached maximum and then dropped down even EGDMA dosage increased. This is possibly because as the increase of EGDMA, imprinted cavities increased gradually and became stable, moreover, it was not conductive to removal of template. Overall, the maximum absorbability of the MIM was obtained when the reaction condition was optimized to 0.3 mmol SA, 12 mg AIBN, 6.0 mmol EGDMA and 1.2 mmol AM at 60 C for 24 h.
Binding isotherms
The binding performance of the imprinted membrane was studied using static binding tests and the Scatchard analysis.
Where K d is the equilibrium dissociation constant, Q max is the maximum adsorption capacity, C is the nal equilibrium concentration of SA in solution, Q is the adsorption capacity of caffeine adsorbed on the membrane at equilibrium. The binding isotherms plots of MIM and NIM in Fig. 4 (a) show that MIM can adsorb much more SA than NIM. The adsorption data were plotted using the Scatchard equation and shown in Fig. 4(b) , indicating that the binding sites in the MIM were heterogeneous. The data points are nonlinear between Q/C and Q. However, a straight line could be obtained for 0 ≤ Q ≤ 8.98 µg/g and 8.98 ≤ Q ≤ 11.45 µg/g. The linearized plots of the two straight lines were obtained. For 0 ≤ Q ≤ 8.98 µg/g, the equation of linear regression was y = −0.0123x + 0.155, the related coef cient was 0.998. For 8.98 ≤ Q ≤ 11.45 µg/g, the equation of linear regression was y = −0.00651x + 0.103, and the related coef cient was 0.998. First dissociation constant K d1 of the high-af nity sites was 81.5 µg/L and the corresponding Q max1 was 12.6 µg/g. The dissociation constant, K d2 of the low-af nity sites was 153.6 µg/L, and Q max2 was 15.8 µg/g. These results indicate that there were two binding sites in the MIM, and they showed different af nities for SA when the concentration was the range of 0 0.40 g/L. The reason for this is because the imprinted SA has two binding sites 18) .
As shown in Table 8 , the selective properties of SA imprinted membranes were evaluated by using solutions containing SA and aspirin. The concentration of each compound was 0.15 g/L. When the experiments were carried out with imprinted membranes, and imprinted membrane was able to distinguish SA from aspirin.
Conclusions
PVDF membrane substrate covered with a SA imprinted layer was successfully prepared by polymerization of AM as a functional monomer and EGDMA as a crosslinker. The optimum polymerization condition for the preparation is SA:AM:EGDMA = 1:4:20 in acetonitrile at 60 C for 24 h. The Scatchard model described the adsorption behavior of the imprinted complex membrane suitably, and suggests that two binding sites exist in the membrane, K d1 = 81.5 µg/L, Q max1 = 12.6 µg/g and K d2 = 153.6 µg/L, Q max2 = 15.8 µg/g, and selectivity factor was 26.4. In brief, the complex imprinted polymeric membranes can be easily synthetized with the method and effectively applied in separating SA, which could be used in alternating the traditional methods for the selective removal of SA and it is signi cant to devise an ef cient method of testing the SA content. 
